improvement suggestions from completed projects and works even in small-and medium-size companies that cannot afford extensive KM investments. However, PMA has been mainly advocated for situations such as completion of large projects, learning from success, or recovering from failure. [2] [3] [4] When used appropriately, PMA ensures that team members recognize and remember what they learned during a project. Individuals share their experiences with the team and communicate them to other project groups. Additionally, PMA identifies improvement opportunities and provides a means to initiate sustained change.
We have applied a lightweight approach to PMA in several projects 5, 6 by focusing on a few vital principles:
I PMA should be open for participation from the entire team and other project stakeholders. I Goals can-but need not-provide a focus for analysis. I The PMA process comprises three phases: preparation, data collection, and analysis. For each phase, team members can apply a number of fairly simple methods, such as the KJ method (after Japanese ethnologist Jiro Kawakita) 7 that collects and structures the data from a group of people.
Preparation
When we conduct PMA in software companies, two software process improvement group members work as facilitators together with two to all project team members. Facilitators organize the analysis, steer the discussion, and document the results. They can be employees in the company where the PMA is conducted or external, as we are. External facilitators often have an advantage performing the PMA because participants regard them as more neutral and objective. However, they might not know the company as well as internal facilitators, so preparation is important.
During the preparation phase, we walk through the project history to better understand what has happened. We review all available documents, such as the work breakdown structure, project plans, review reports, and project reports.
We also determine a goal for the PMA. 
I
n every software project, the team members gain new knowledge and experience that can benefit future projects and each member's own professional development. Unfortunately, much of this knowledge remains unnoticed and is never shared between individuals or teams. Our experience with project postmortem analysis proves that it is an excellent method for knowledge management, 1 which captures experience and knowledge management Goals might be "Identify major project achievements and further improvement opportunities" or "Develop recommendations for better schedule adherence." If a PMA does not have a specific focus to guide our preparation, we briefly discuss the project with the project manager and key engineers.
We find it practical to distinguish between two PMA types: One is a general PMA that collects all available experience from an activity. The other is a focused PMA for understanding and improving a project's specific activity, such as cost estimation. It helps to explicitly state goals for both of these PMA variants during this phase.
Data collection
In the data collection phase, we gather the relevant project experience. Usually, project team members and stakeholders have a group discussion, or experience-gathering session. We can often conduct data collection and the subsequent analysis within the same session. You shouldn't limit experience gathering to the project's negative aspects, such as things to avoid in the future. Instead, maintain a balance by identifying a project's successful aspects, such as recommended practices. For example, during a PMA at a medical software company, the team realized that the new incremental software integration process significantly improved process control and product quality. Integration had been so smooth that without the PMA, its important role might have gone unnoticed.
Some techniques that we find useful for data collection include I Semistructured interviews. The facilitator prepares a list of questions, such as "What characterizes the work packages that you estimated correctly?" and "Why did we get so many changes to the work in package X?" I Facilitated group discussions. The facilitator leads and focuses the discussion while documenting the main results on a whiteboard. I KJ sessions. The participants write down up to four positive and negative project experiences on post-it notes. Then they present their issues and put the notes on a whiteboard. The participants rearrange all notes into groups according to topic and discuss them.
Once the group identifies the important topics, we must prioritize them before proceeding with the analysis. This will ensure that we address the most significant issues first.
For example, during a PMA we performed in a satellite software company, frequent and late requirements changes emerged as an important topic. A software developer commented that during the project, team members found it difficult to identify when the requirements had changed, so much so that the code had to be rewritten completely. In such situations, they made a few wrong decisions, which reduced the software's quality. After this PMA session, other project members made requirements changes a high-priority topic for analysis.
Analysis
In this phase, as facilitators, we conduct a feedback session in which we ask the PMA participants: "Have we understood what you told us, and do we have all the relevant facts?"
When we know that we have sufficient and reliable data, we use Ishikawa diagrams 6 in a collaborative process to find the causes for positive and negative experiences. We draw an arrow on a whiteboard, which we label with an experience. Then, we add arrows with causes-which creates a diagram looking like a fishbone. In our example from the satellite software company, we found four causes for changing requirements: poor customer requirements specification, new requirements emerging during the project, little contact between the customer and software company, and the software company's poor management of requirements documents.
Because PMA participants are a project's real experts and we have time limitations, we perform all analysis in this step.
Results and experience
Facilitators document the PMA results in a project experience report. The report contains I A project description, including products developed, development methods used, and time and effort needed I The project's main problems, with descriptions and Ishikawa diagrams to show causes I The project's main successes, with descriptions and Ishikawa diagrams
Once the group identifies the important topics, we must prioritize them before proceeding with the analysis.
I A PMA meeting transcript as an appendix, to let readers see how the team discussed problems and successes
In an example from the satellite software company, facilitators wrote a 15-page report in which they documented the problem with changing requirements with an Ishikawa diagram that showed the four main causes. After facilitators submit a report, the knowledge management or quality department must follow up.
In our experience, PMA is suitable when a project reaches a milestone and when the company is looking for qualitative experience that will help improve a similar, future project. You should not apply PMA in situations with unfinished activities, or when serious underlying conflicts might remove the focus from improvement. If the atmosphere isn't appropriate for discussing a project's problems, we prefer using approaches other than PMA, such as those outlined in Project Retrospectives: A Handbook for Team Reviews. 2 When there have been serious conflicts in the project, this is more appropriate for managing the risk that discussions degenerate into a hunt for scapegoats. Finally, you must have enough time for following up on PMA results.
In our experience, if teams apply PMA in the right setting, it is an excellent step into continuous knowledge management and improvement activities. It makes project team members share and understand one another's perspectives, integrates individual and team learning, and illuminates hidden conflicts. It documents good practice and problems, and finally, it increases job satisfaction by giving people feedback about their work.
Performing a PMA can even improve project cost estimation. We applied PMA to three projects in an Internet software development company, which all had serious cost overruns. The company could not allocate workers with skills specific to the project. This led to a need for courses-the team's experts had to act as tutors for the rest of the team and were distracted from their roles in the project. By performing the PMA, the company realized the gravity of the qualification issue and how it led to the project going over budget. As an improvement action, a training budget was set up on the company level instead of the project level. The company no longer charged staff qualification to the project's budget, and now views it as an investment into quality and competitive advantage. As a result of this PMA, management realized the strategic importance of staff qualification and knowledge management-a truth that often gets buried in the hectic rush of Internet software business.
W
e received a lot of positive feedback from PMA participants in different companies. Particularly, they like that PMA offers a simple yet effective way to uncover both achievements and improvement opportunities. One developer at the satellite software company noted, "If you do a PMA on the project...you have to think through things," which is a crucial part of knowledge management. So, never leave a project without it!
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